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of from 30,000 to 60,000 kilowatts. It is hard to see that
this could be, without the turbo-generator.

The development of the turbo-generator required the
highest analytical engineering. Take a high-speed alterna-
tor, for instance, one of 3600 revolutions per minute. This
cannot be designed by cut and try, for there must be no
undue experimental elements in the construction, at the
terrific speed at which these machines run; namely, at about
25,000 feet peripheral speed per minute. The same is true
of the turbine, for here even higher speeds may be attained.
The designers of the turbo-generator sets have, in many
cases, worked far ahead of any available data, and, accord-
ingly, have had to depend mostly upon analysis. Consider-
ing the difficulties of the problem, the record has been good.
True, difficulties have arisen from time to time, which analy-
sis did not cover. For instance, protection against the ef-
fect of short circuits in the larger machines had to be worked
out largely by actual test. The 20,000-kilowatt turbo-
alternator may give momentarily ten to fifteen times its
rated current on short circuit, corresponding to 200,000- to
300,000-kilowatt load, as far as distorting forces are con-
cerned. The effects of such short circuits are so enormous
that in some of the earlier large units, the end windings
"twisted up like a wet towel," as one customer explained.
One large generator, after a short circuit, ran melted iron
down through itself for several minutes. With increased
experience, engineers have been able to meet this situation,
until now generating powers of enormous capacities can
be tied together in one system without undue danger. A
few years ago it was suggested that 50,000 kilowatts was
the greatest capacity which it was safe tp tie to one bus-
bar system, but now they talk about five to ten times this.

Another problem which has been, to a large extent, the